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Abstract

The formation of objects below or close to the hydrogen mgimit is cur-

rently vividly discussed and is one of the main open issudkdrfield of the
origins of stars and planets. Applying various observadiotechniques, we
explored a sample of brown dwarfs and very low-mass stareenChal star
forming cloud at an age of only a few million years and deteedifundamen-
tal parameters for their formation and early evolution.

Tracking the question of how frequent are brown dwarf biesiand if brown
dwarfs have planets, one of the first radial velocity (RVysys of brown dwarfs
sensitive down to planetary masses is carried out basedginraisolution spec-
tra taken with UVES at the VLT. The results hint at a low mlittify fraction,
which is in contrast to the situation for young low-mass star

Testing recent formation scenarios, which propose an igjeaut of the
birth place in the early accretion phase, we carried out agwse kinematic
analysis of the brown dwarfs in our sample in comparison Witfauri stars in
the same field. This yielded the first empirical upper limitdossible ejection
velocities of a homogeneous group of brown dwarfs.

Rotation is a fundamental parameter for objects in this yawolutionary
phase. By means of studying the line broadening of speasilifes in the
UVES spectra as well as by tracing rotational modulationtait lightcurves
due to surface spots in photometric monitoring data, oneheffirst rotation
rates of very young brown dwarfs have been determined.

In the light of the presented observational results, theenirscenarios for
the formation of brown dwarfs are discussed

1 What arebrown dwarfs?

Brown dwarfs fill the gap between low-mass stars and giamigitain the mass range
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Figure 1:Evolution of the central temperature for stars, brown dwarfs and planets from
0.3 Myyp (~ Saturn) to 0.2 M (211 Myyp) Versus age. From Burrows et al. (2001). The upper
seven curves, which end in the plot with constant centrapteatures, represent stars, the 13
curves below represent brown dwarfs and the remaining suav¢he smallest temperatures
mark planets with masses 13 Mj,p. Note the increase (classical plasma), maximum and
decrease (quantum plasma) of the central temperaturedambwarfs.

of about 0.08 solar masses @Yland about 13 Jupiter massesM)*, depending
on metallicity. They can never fully stabilize their lumaity by hydrogen burning
in contrast to stars and thus contract as they age until gotreh gas in their interior
is completely degenerate. At that point they have reachethhrfidius and become
cooler and dimmer for their remaining life time. In contrasplanets brown dwarfs
are able to fuse deuterium, which defines the lower massdifiitown dwarfs. It is
noted that although thermonuclear processes do not doatimaevolution of brown
dwarfs, they do not only burn deuterium, but the more massias (masses above
~0.065 M) burn lithium and may even burn hydrogen for a while. Howetleey
do not burn hydrogeat a rate sufficient to fully compensate radiative losses

Fig. 1 shows the evolution of the central temperature for-foass stars (upper
seven curves with constant central temperature at the et @lot), brown dwarfs
and planets (Burrows et al. 2001). The temperature for sis&s in the pre-main
sequence phase due to the contraction on the Hayashi tréitkheninterior is hot
and dense enough to burn sufficient hydrogen to stabilizeght&ral temperature and
balance gravitational pressure on the hydrogen burning seguence. For brown
dwarfs, the central temperature also increases due totgtiavial contraction in the

11 Mp=1047 My,



first million to a few hundred million years. As the densitytire interior increases
part of the electron gas in the interior becomes degendgttetrons obey th@auli
exclusion principleallowing one quantum state to be occupied by only one @ectr
For the compression of partly degenerate gas, enenmggadedn order to bring the
degenerate electrons closer. Therefore with onwardlyraotibn the temperature
remains constant for a while and then starts to decrease.n\igeelectron gas
is completely degenerate, no further contraction is ptessthe brown dwarf has
reached its final radius and cools without compensation bypressional heating.

The existence of brown dwarfs was predicted by Kumar (198831 already in
the early sixties. It followed a 30 year search for such faiojects until in 1995
almost at the same time three brown dwarfs were discovedepandently: the
Methane dwarf Gl 229 B, a faint companion to a nearby M-dwasfcool as 1000 K
(Nakajima et al. 1995, Oppenheimer et al. 1995) as well ashkrean dwarfs in
the Pleiades, Teide 1 (Rebolo et al. 1995) and PPI 15 (Statftd. 1994). The latter
object turned out to be in fact a pair of two gravitationallyund brown dwarfs
(Basri & Martin 1999). Up to now, more than 300 brown dwarfsehbeen detected
in star forming regions (e.g. Béjar et al. 1999, Comer6n et24100), in young
cluster (e.g. Pleiades, Martin et al. 2000) and in the fieldhieylarge infrared and
optical surveys, DENIS (Delfosse et al. 1997), 2MASS (Kakpk et al. 2000) and
SLOAN (Hawley et al. 2002).

The year 1995 saw another spectacular discovery: the detaxftthe first ex-
trasolar planet candidate with minimum mass arosidV,,, orbiting the sun-like
star 51 Peg (Mayor & Queloz 1995). Since 1995, high-prenisadlial velocity (RV)
surveys have detected more than 130 planets in orbit ardarsl(ge.g. Mayor et al.
2003) with masses ranging from 14 Earth masses (e.g. Sanabs 2004) to the
brown dwarf border at about 13j\,.

Before 1995, no objects were known in the mass range betwestedin our
own solar system and the lowest-mass stars. Today, théisitw@mpletely changed
and this mass range is populated by hundreds of giant plametorown dwarfs
challenging our understanding of the formation of solateays. Brown dwarfs play
an important role in this discussion since they link the ptgpopulation to the stellar
population.

2 Brown dwarf formation models and
predictions

The substellar border defined by the hydrogen burning massriscial dividing line
with respect to the further evolution of an object but theraa obvious reason why
it should be of any significance for the formation mechanigmvhich this objects
was produced. Thus, by whichever process brown dwarfs aneeid, it is expected
to work continuously into the regime of very low-mass startierefore, the term
formation of brown dwarfén this article stands fothe formation of brown dwarfs
and very low-mass staes/en if not stated explicitly.

In the traditional picture of (low-mass) star and planetfation we assume that
stars form by collapse and hierarchical fragmentation ofegwdar clouds (Shu et



al. 1987), a process which involves the formation of a cirstatter disk due to
conservation of angular momentum. The disk in turn is ththlptace for planets,
which form by condensation of dust and further growth by etton of disk material.
These ideas are substantially based on the situation invaiisolar system. How-
ever, some properties of detected extrasolar planetatgragsare difficult to explain
within current theories of planet formation and it is undebdte if our solar system
is rather the exception than the rule. How brown dwarfs fasralso an open issue
but it is clear that a better knowledge of the mechanismsuming these transition
objects between stars and planets will also clarify some gpestions in the context
of star and planet formation.

Brown dwarfs may be the high-mass extension of planets amd fige giant
planets in a disk around a star by either core accretion d¢ idistabilities (see
Wuchterl et al. 2000 for a review). In the core accretion niotie formation of
giant planets is initiated by the condensation of solidséireumstellar disk, which
accrete to larger bodies and form a rock/ice core. When thisi@aches the critical
mass for the accretion of a gas envelopd 0-15M,) a so calledunaway gas ac-
cretionis triggered, which is only slowed down when the surroundjagreservoir is
depleted by the accreting protoplanet. If brown dwarfs armed like giant planets,
we should find them in orbit around their host star. Howewvexn dwarfs are found
in large number as free-floating objects. Furthermore,@xifigoing high-precision
RV surveys for extrasolar planets, an almost complete algsehbrown dwarfs in
close K3 AU), short-period orbits around solar-mass stars wasdouhile these
surveys detected more than 130 planets. This so-calledvibdwarf desert’ indi-
cates that there is no continuity from planets to brown dsverterms of formation.

Brown dwarfs may also form like stars by direct gravitatibe@lapse and frag-
mentation of molecular clouds out of cloud cores, which ald and dense enough
to become Jeans-unstable for brown dwarf masses. Such clmadl cores have
not yet been detected by radio observations but might haee bgEssed due to
insufficient detection sensitivity. However, on theoratigrounds, there is a so-
called opacity limit for the fragmentation, i.e. a limitimgass, which can become
Jeans-unstable: when reaching a certain density durincpitepse the gas becomes
optically thick and is heated up leading to an increase ofJ#@ns-mass (Low &
Lynden-Bell 1976). That might prevent the formation of (Emmass) brown dwarfs
by direct collapse. Nevertheless, assuming brown dwarf$aran in that way, they
would be the low-mass extension of the stellar populatioth stmould, therefore,
have similar (scaled down) properties as young low-mass §taTauri stars). We
know that T Tauri stars have a very high multiplicity fractjon some star forming
regions close to 100% (e.g. Leinert et al. 1993, Ghez et #83,19997, Kohler et
al. 2000) indicating that the vast majority of low-mass stigrformed in binaries
or higher order multiple systems. The stellar companioagtwught to be formed
by disk fragmentation or filament fragmentation in the cinsteellar disk created by
the collapse of the molecular cloud core. Therefore, we Waldo expect a high
multiplicity fraction of brown dwarfs in this formation medtl Furthermore, brown
dwarfs should have circumstellar disks due to preservaifosngular momentum
during the collapse, harbour planets, and should have the kmematical proper-
ties as the T Tauri stars in the same field.



Another idea is that brown dwarfs formed by direct collapEersstable cloud
cores of stellar masses and would have become stars if thetiaccprocess was
not stopped at an early stage by an external process bembfact has accreted
to stellar mass. It was proposed that such an external paeesbe the ejection
of the protostar out of the dense gaseous environment dugndcal interactions
(Reipurth & Clarke 2001). It is known that the dynamical esan of gravitation-
ally interacting systems of three or more bodies leads tguieet close two-body
encounters and to the formation of close binary pairs oli@htost massive objects
in the system as well as to the ejection of the lighter bodi&s éxtended orbits or
out of the system with escape velocity (e.g. Valtonen & Mikkd991). The escape
of the lightest body is an expected outcome since the escapalplity scales ap-
proximately as the inverse third power of the mass. Sterzikugisen (1995, 1998)
and Durisen et al. (2001) considered the formation of ruayaWTauri stars by such
dynamical interactions of compact clusters.

The general expectations for the properties of brown dwarfeed by the ejec-
tion scenario are a low binary frequency (maybe 5%), no widevh dwarf binaries
and only close-in disks< 5-10 AU) since companions or disk material at larger sep-
arations will be truncated by the ejection process. Funtloee, the kinematics of
ejected brown dwarfs might differ from non-ejected memhs#rthe cluster. Hy-
drodynamical calculations have shown that the collapse mbkecular cloud can
produce brown dwarfs in this way (Bate et al. 2003, Delgadndle et al. 2003,
Bate & Bonnell 2005), while N-body simulations of the dynaaiidecay allowed
the prediction of statistically significant properties ggaed brown dwarfs (Sterzik
& Durisen 2003, Delgado-Donate et al. 2004, Umbreit et al05)0 However, the
predictions differ significantly among the different maglehis is further discussed
in Sect. 4.

An external process, which prevents the stellar embryo fiunter growth in
mass can also be a strong UV wind from a nearby hot O or B staghwbnizes
and photoevaporates the surrounding gas (Kroupa & BouyléB2Whitworth &
Zinnecker 2004). A significant disruption of the accretion&ope by photoevapo-
ration will also lead generally to a low multiplicity fract and limited disk masses.
Since there is no such a hot star in the Chal cloud, the brovarfdvn this region
cannot have been formed by this mechanism.

The various ideas for the formation of brown dwarfs need tediestrained by
observations of brown dwarfs, key parameters are amongsatifie multiplicity and
kinematics, which have been studied for young brown dwar€a | as described in
the following. Furthermore, rotation is an important paeden for the early evolution
and it might reflect the interaction with a disk due to magneisk braking.



o (Comprenensive observations of brown dwarts and
very low-mass starsin Chal

3.1 Sample

The observation of very young brown dwarfs and very low-netass allows in-
sights into the formation and early evolution below or cles¢he substellar limit.
One of the best grounds for such a study is the Chal cloud,hwisipart of the
larger Chamaeleon complex. At a distance of 160 pc, it is drthenclosest sites
of active low-mass star and brown dwarf formation. Comendth eoworkers ini-
tiated here one of the first surveys for young very low-mageaib down to the
substellar regime by means of amtdbjective prism survey (Comer6n et al. 1999,
2000; Neuhauser & Comerén 1998, 1999). They found twelve losv-mass M6—
M8-type objects, Chaddl to 12, in the center of Chal with ages of 1 to 5Myrs,
among which are four bona fide brown dwarfs and six brown deanflidates. Fur-
thermore, they found or confirmed several very low-mass stéith masses smaller
than 0.2 M, and spectral types M4.5-M5.5 in Chal (B 34, CHXR 74, CHXR78 an
CHXR 78C) as well as one 0.3 solar mass M2.5 star (Sz 23).

The membership to the Chal cloud and therefore the youth efothjects is
indicated by their & emission and has been confirmed by medium-resolution spec-
tra, the detection of lithium absorption and consistent RyMso by the here pre-
sented observations). The substellar nature is derived fhe determination of
bolometric luminosities and effective temperatures (ested by means of tempera-
ture scales from spectral types) and comparison with thieat@volutionary tracks
in the Hertzsprung-Russell diagram (HRD).

Another substellar test applicable to young brown dwarfs developed from a
test for old brown dwarfs based on lithium absorption (Reletlal. 1992) to the
age-independent statement, thay object with spectral type M7 or later that shows
lithium is substellaBasri 2000). Since all Chaddobjects show lithium absorption
in their spectra (Comeron et al. 2000, Joergens & Guenthet)2€he four objects
ChaHx 1, 7,10 and 11 (M7.5-M8) are thus bona fide brown dwarfs, witlssas in
the range of about 0.03Mto 0.05M,, Chatx 2, 3, 6, 8, 9, 12 (M6.5-M7) can be
classified as brown dwarf candidates and Chaithnd 5 (M6) are most likely very
low-mass stars with 0.1 M. An error of one subclass in the determination of the
spectral type was taken into account.

We observed most of these ten brown dwarfs and brown dwadidates and
seven (very) low-mass stars by means of high-resolutioctspopy with UVES at
the 8.2 m telescope at the VLT and by means of a photometridtororg campaign
ata 1.5m telescope.

3.2 High-resolution UVES spectroscopy

High-resolution spectra have been taken for the brown dwenfl low-mass stars
ChaHx1-8 and Chak 12, B34, CHXR 74 and Sz 23 between the years 2000 and
2004 with the cross-dispersed UV-Visual Echelle Specaph(UVES, Dekker etal.
2000) attached to the 8.2m Kueyen telescope of the Very Laetgscope (VLT)



operated by the European Southern Observatory at Pardmibd, The wavelength
regime from 6600 A to 10400 A was covered with a spectral tggoi of \/AX =
40000. For each object at least two spectra separated by a few veelesbeen
obtained in order to monitor time dependence of the RVs. Eeeml objects, more
than two and up to twelve spectra have been taken.

After standard reduction, we have measured RVs by mean®sé-aorrelating
plenty of stellar lines of the object spectra with a templgectrum. In order to
achieve a high wavelength and therefore RV precision,riellD, lines have been
used as wavelength reference. A RV precision between 40masd 670ms!,
depending on the S/N of the individual spectra, was achiémethe relative RVs.
The errors are based on the standard deviation of two cotigesingle spectra. An
additional error of about 300 nT$ has to be taken into account for the absolute RVs
due to uncertainties in the zero point of the template. TiR&®eare one of the most
precise ones for young brown dwarfs and very low-mass staitahle up to now.

Based on the time-resolved RVs, a RV survey for planetaryt@odn dwarf
companions to the targets was carried out (Sect. 5). The Réanvere explored in
a kinematic study of this group of brown dwarfs in Sect. 4. Wddally, projected
rotational velocitiew sini were derived from line-broadening of spectral features
(Sect. 6), lithium equivalent width has been measured tdirtoryouth and mem-
bership to the Chal star forming region and the Call IR-&fflas been studied as
an indicator for chromospheric activity. Results have beewill be published in
Joergens & Guenther (2001), Joergens (2003), Joergeng208ba,b).

3.3 Photometric monitoring

In order to study the time-dependent photometric behawbtire brown dwarfs and
very low-mass stars, we monitored & 2313’ region in the Chal cloud photomet-
rically in the Bessel R and the Gunn i filter in six consecutiadf nights with the
CCD camera DFOSC at the Danish 1.5m telescope at La Sillde @hMay and
June 2000. Differential magnitudes were determined redett a set of reference
stars in the same field by means of aperture photometry. Tlaeciimtained all of
the targets introduced in the previous sections, howewdXRC74 and Sz 23 were
too bright and have been saturated in the images, while Ghg H, 9, 10 and 11
were too faint for the size of the telescope.

Based on the lightcurves for Cha#2, 3, 4, 5, 6, 8, 12, B34, CHXR 78C and
CHXR 73, we searched for periodic variabilities and were abldetermine absolute
rotation periods for several brown dwarfs and very low-nsiass based on bright-
ness modulations due to surface activity (Sect. 6, Joerefeals 2003b).

4 Kinematics of brown dwarfsin Chal
and the g ection scenario
It was proposed that brown dwarfs might form in a star-likenmex but have been

prevented from accreting to stellar masses by the earltiefeout of their birth
place (Sect.2). The ejection process might have left anrealske imprint in the
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Figure 2: Distribution of mean RVsin kms™! for nine brown dwarfs and very low-mass
stars with masses 0.1 Mg (hashed) and for 25 T Tauri stars in Chall.

kinematics of ejected members of a cluster in comparisomab of non-ejected
members. Therefore, we are studying the kinematics of agetdorown dwarfs in
Chal by means of precise mean RVs measured from UVES spadedind that
the seven brown dwarfs and brown dwarf candidates and twi@.tars in Chal
(spectral types M6—M8) differ very less from each other mmig of their RV. The
sample has a mean RV of 15.7 km'sand a RV dispersion measured in terms of
standard deviation of only 0.9kms. The total covered RV range is 2.6 km's
We note, that in previous publications (Joergens & Gueri28d, Joergens 2003),
the dispersion was measured in terms of full width at half imaxn (fwhm) of a
Gaussian distribution (which is related to the standardadien o of the Gaussian
by fwhm =o+v/8 In 2) following the procedure of radio astronomers. Based on new
RV data and an improved data analysis, the here presentechiiic study (Joergens
et al. 2005b) is a revised version of the previous ones. Thefwam for the brown
dwarfs is 2.1 km's!, which is consistent with the previous value of 2.0 knhs

In order to compare the results for the brown dwarfs in Chahhe RV dis-
tribution of higher-mass stellar objects in this clustee, eompiled all T Tauri stars
confined to the same region for which RVs have been measutbdarecision of
2kms! or better from the literature (Walter 1992, Dubath et al. 8,99ovino et
al. 1997, Neuhauser & Comeron 1999), from Guenther et alpr@p., see Joer-
gens & Guenther 2001) and from our own measurements baseWB8 Bpectra for
M-type T Tauri stars. The compiled 25 T Tauri stars (spedtiipés M5—-G2) have
a mean RV of 14.7kms' and a RV dispersion in terms of standard deviation of
1.3kmst. The dispersion given in terms of fwhm is 3.1 kmts Compared to the
previous studies (Joergens & Guenther 2001, Joergens,2883) Tauri sample and
RVs have been also revised by taking into account new UVES&db&Vs obtained



by us in 2002 and 2004 as well as overlooked RV measuremeniéaligr (1992).
Furthermore, based on a recent census of Chal (Luhman 26a4)-to-date check
of membership status was possible. The new standard devitil.3 km s differs
only slightly from the previous one of 1.5 kms.

The resulting RV distributions of the T Tauri stars and thevior dwarfs are
displayed in Fig. 2 in form of a histogram. The mean RV of the-MiB type brown
dwarfs and very low-mass stars (15.7 kn kis consistent within the errors with that
of the T Tauri stars in the same field (14.7 km yand with that of the molecular gas
of the surrounding (15.3 knTs$, Mizuno et al. 1999). This confirms the membership
of the substellar population to the Cha star forming cloud.

Furthermore, we find that the RV dispersion of the brown dsvé®f9kms')
is slightly smaller than that of the T Tauri stars in the sare&f{1.3kms!) and
slightly larger than that of the surrounding molecular ghge fwhm of 1.2 kms?
given by Mizuno et al. (1999) translates to a standard dieviatf 0.5km s using
the above given formula). For the comparison of the kineenabperties of brown
dwarfs and stellar objects we have set the dividing line betwthe two populations
arbitrarily at 0.1 M, knowing that this is not exactly the substellar border. Hesve
the process forming brown dwarfs is expected to work cowtirsly into the regime
of very low-mass stars and it is a priori unknown if and for gfhimass range a
different formation mechanism is operating. In a more dedastudy (Joergens et al
2005b), we calculate the dispersion also for different chef this dividing line but
see no significant differences in the results.

RVs are tracing only space motions in the direction of the-lifi-sight and the
studied brown dwarfs could have a larger three-dimensigeklcity dispersion.
However, the studied brown dwarfs in Chal have an age of 1-45amg occupy
a field of less than 12 12’ at a distance of 160 pc. Brown dwarfs born within this
field and ejected during the early accretion phase in dastivith a significant frac-
tion perpendicular to the line-of-sight, would have flowr ofithe field a long time
ago for velocities of 0.5kms' or larger (Joergens et al. 2003a). Therefore, the
measurement of RVs is a suitable method to test if objects &od still residing in
this field have significantly high velocities due to dynarhingeractions during their
formation process.

Numerical simulations of brown dwarf formation by the ejeatscenario differ
in their predictions of the resulting velocities over a widege. In general, the
ejection velocity scales with the inverse of the square aidhe distance of the
closest approach in the encounter that led to the ejectiomifAge & Clarke 1997).
The resulting velocity distribution depends also on thevigasional potential of the
cluster since it defines if an ejected object with a certaioaity can escape or is
ejected only in a wide eccentric orbit (e.g. Kroupa & Boud€03). Furthermore,
the kinematic signature of the ejection can be washed outlyf part of the brown
dwarfs in a cluster are formed according to the ejectionadenvhile a significant
fraction is formed by other mechanisms (disk instabiliéésne or direct collapse
above the fragmentation limit), or when, on the other halidsab)stellar objects in
a cluster undergo significant dynamical interactions.

Hydrodynamic calculations by Bate et al. (2003) and Bate &l (2005) pre-
dict velocity dispersions of 2.1 knt$ and 4.3kms!, resp., and no kinematic dif-



ference between brown dwarfs and T Tauri stars. These adilcng are performed
for much denser star forming regions than Chal and an exXtatipo of their results
to the low-density Chal cloud might lead to a consistencyhwaitir observed RV
dispersion of 0.9 km's! for brown dwarfs and only slightly larger for T Tauri stars.
However, comparison with Delgado-Donate et al. (2004)datts that the depen-
dence of the velocity dispersion on the stellar density isy®b well established.
N-body simulations by Sterzik & Durisen (2003) predict t2&86 of brown dwarf
singles have a velocity smaller than 1 ki sthat is much lower than our observa-
tions of 67% of brown dwarfs in Chal having RVs smaller thanrisk'. Also the
high velocity tail found by the authors of 40% single brownadfs having higher
velocities than 1.4 kmst and 10%>5kms! is not seen in our data, were none
has a RV deviating by the mean by more than 1.4 kin Recent N-body calcula-
tions by Umbreit et al. (2005) showed that the ejection vilezdepend strongly on
accretion and by assuming different accretion models ated r¢he authors predict
an even more pronounced high-velocity tail with 60% to 80Agks brown dwarfs
having velocities larger than 1 kms. This is also much larger than found by our
observations, where only about 30% have velociteskms!. One might argue
that the non-detection of a high velocity tail in our data barattributed to the rela-
tively small size of our sample, on the other hand, the ctifdebody simulations do
not take into account the gravitational potential of thestdn, which might cause a
suppression of the highest velocities.

To conclude, the observed values of our kinematic studyigedhe first observa-
tional constraints for the velocity distribution of a groofovery young brown dwarfs
and show that they have a RV dispersion of 0.9 krh 10 high-velocity tail and their
RVs are not more dispersed than that of T Tauri stars in theedaid. These ob-
served velocities are smaller than any of the theoreti@iptions for brown dwarfs
formed by the ejection scenario, which might be attribuedhte lower densities
in Chal compared to some model assumptions, to shortcorimrtge models, like
neglection of feedback processes (Bate et al. 2003, Bater&&b2005, Delgado-
Donate et al. 2004) or of the cluster potential (Sterzik & iBen 2003, Umbreit et
al. 2005), or to the fact that our sample is statisticallatieely small. The current
conclusion is that either the brown dwarfs in Cha | have beeméd by ejection but
with smaller velocities as theoretically predicted or thaye not been formed in that
way.

5 RV Survey for planetsand
brown dwarf companions with UVES

Based on the precise RV measurements in time resolved UV&SrapSect. 3.2),
we are carrying out a RV survey for (planetary and brown dpi@mpanions to the
young brown dwarfs and very low-mass stars in the Chal cloud.

The detection of planets around brown dwarfs as well as ttectien of young
spectroscopic brown dwarf binaries would be an importaumn ¢bwards the forma-
tion of brown dwarfs. So far, no planet is known orbiting awenodwarf (the recent
publication of a direct image of a candidate for a fMplanet around a 25 M,
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Figure 3: RV constant objects: RV vs. time in Julian days fawn dwarfs and
very low-mass stars (M6—M8) in Chal based on high-resaiultlYES/VLT spectra.
Error bars indicate & errors.

brown dwarf by Chauvin et al. (2004) is very exciting butlstéry tentative since
it might very well be a background object). There have bedeated several brown
dwarf binaries, among them there are three spectroscapichence close systems
(Basri & Martin 1999, Guenther & Wuchterl 2003). Howevel, kaiown brown
dwarf binaries are fairly old and it is not yet establishethi typical outcome of
the brown dwarf formation process is a binary or multiplevimalwarf system or a
single brown dwarf.

Furthermore, the search for planets around very young dsasedround very
low-mass stars and brown dwarfs is interesting since trextieh ofyoungplanets as
well as a census of planets around stars of all spectral tgpelsmaybe even around
brown dwarfs, is an important step towards the understgafiplanet formation. It
would provide empirical constraints for planet formatione scales. Furthermore,
it would show if planets can exist around objects which aremfsiderably lower
mass and surface temperature than our sun.
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Figure 4: RV constant objects (continued): RV vs. time inalutlays for very low-
mass stars~0.1 Mg) in Chal based on high-resolution UVES/VLT spectra. Error
bars indicate b errors.

5.1 RV constant objects

The RVs for the brown dwarfs and very low-mass stars Chd H, 3, 4,5, 6, 7, 12
and B 34 are constant within the measurements uncertaafttas for Cha Hx 4 and
of 1o for all others, as displayed in Figs. 3, 4. From the non-ditas of variabil-
ity, we have estimated upper limits for the projected madsesin i of hypothetical
companions for each objéctThey range between 0.1j\}, and 1.5 My, assuming
a circular orbit, a separation of 0.1 AU between companiahimary object and
adopting primary masses from Comerén et al. (1999, 20003.uBed orbital sepa-
ration of 0.1 AU corresponds to orbital periods ranging estw 30 and 70 days for
the masses of these brown dwarfs and very low-mass stars.

That means, that these nine brown dwarfs and very low-masssith spectral
types M5-M8 and masses 0.12 M, show no RV variability down to Jupitermass
planets. There is, of course, the possibility that presentganions have not been
detected due to non-observations at the critical orbitalsph. Furthermore, long-
period companions may have been missed since for all of thenTha H 4, the
time base of the observations does not exceed two months.

2Spectroscopic detections of companions allow in generalbswlute mass determination but only
the derivation of a lower limit of the companion mag& sin 7 due to the unknown inclination



5.2 RV variableobjects

For three objects, we have found significant RV variatiorsnely for the brown
dwarf Cha Hy 8 and the low-mass stars CHXR 74{.17 M) and Sz 2340.3 Mg)
as shown in Fig.5. The variability characteristic differaang the three objects.
Sz 23 shows variability on time scales of days with no diffiee=in the mean values
of RVs recorded in 2000 and in 2004. On the other hand, Gh& End CHXR 74
show only very small amplitude variations or no variatiohglaon time scales of
days to weeks, whereas the mean RV measured in 2000 diffjgmificantly from the
one measured years later, namely in 2002 for Ch@&tnd in 2004 for CHXR 74,
respectively, hinting at variability periods of the ordénmonths or longer.

One possibility for the nature of these RV variations is thay are the Doppler-
shift caused by the gravitational force of orbiting compens. The poor sampling
does not allow us to determine periods of the variations biset on the data we
suggest that the period for Chat8 is 150 days or longer. A 150d period would
corresponds to a 6 M, planet orbiting at a separation of 0.2 AU around Cha8. For
longer periods the orbital separations as well as the magsgeafompanion would
be larger. For CHXR74, a period of about 200 days would be tadsplain the RV
data of 2000 and 2004 corresponds to a 5 Morown dwarf orbiting CHXR74 at
a separation of 0.4 AU.

The other possibility is that they are caused by surfaceigctince prominent
surface spots can cause a shifting of the photo center abthian period (see also
Sect. 6.2). The upper limits for the rotational periods o€k 8, CHXR 74 and
Sz23are 1.9d, 4.9d and 2.1 d, respectively, based on pedjeatational velocities
vsini (Sect. 6, Joergens & Guenther 2001). Thus, the time-scatleeoRV vari-
ability of Sz 23 is of the order of the rotation period and ablbé a rotation-induced
phenomenon. In contrast to the other RV variable object239g also displaying
significant emission in the Call IR triplet lines, which is emdlicator for chromo-
spheric activity. A further study of time variations of tledées is underway.

The RV variability of Chakk 8 and CHXR 74 on time scales of months to years
cannot be explained by being rotational modulation. If ealuby orbiting com-
panions, the detected RV variations of CHXR 74 and ChaHorrespond to giant
planets of a few Jupiter masses with periods of several nsonth

5.3 Discussion: Multiplicity, separations, RV noise

Fig. 6 displays for all targets of the RV survey the measuréd&niamplitude (for
RV constant objects the upper limit for it) versus their massadopted from Com-
erdn et al. (1999, 2000). The three RV variable objects ha¥amplitudes above
1kms! (top three data points in Fig. 6) and are clearly separated the RV con-
stant objects. Interestingly, the RV constant objectefok clear trend of decreasing
RV amplitude with increasing mass. On one hand, this reftactply the depending
of the RV precision on the signal-to-noise of the spectratt@mther hand, it is an
interesting finding by itself, since it shows that this graifprown dwarfs and very
low-mass stars with masses of 0.12Mnd below display no significant RV noise
due to surface spots, which would cause systematic RV ewitiisa RV amplitude
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Figure 5: RV variable objects: RV vs. time in Julian days foe brown dwarf can-
didate ChaHa8 (M6.5) and the low-mass T Tauri stars CHXR tSaR23 0.2—
0.3 M) based on high-resolution UVES/VLT spectra. Error barsdatt 1o errors.

increasing with mass.

Among the subsample of ten brown dwarfs and very low-mass siith masses
< 0.12 Mg in this survey, only one (Chadd8) shows signs of RV variability, while
the others are RV quiet with respect to both companions aats $p our observa-
tions. That hints at a very small multiplicity fraction of %or less. When con-
sidering also CHXR 74, i.e. eleven objects{id.17 M, and spectral types M4.5—
M8), nine have constant RVs in the presented RV survey. éstirgly, Chakk 8
is RV constant and CHXR 74 shows only small amplitude vaotegion time scales
of days/weeks but both reveal larger amplitude RV varigbdnly on longer time
scales of at least several months. The fact that all othexctdjn this mass range do
not show RV noise due to activity suggests that the souraeR\Yovariability due
to activity are also weak for ChadB. Furthermore, the timescales of the variabil-
ity are much too long for being caused by rotational modatasince the rotational
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Figure 6: RV semiamplitude vs. object mass. The upper tha¢e ploints repre-
sent the RV variable objects with amplitudes above 1 kM sThe remaining data
points represent RV constant objects, which clearly foléotkend of decreasing RV
amplitude with increasing mass. indicating that they aspldiing no significant
RV noise due to surface spots down to the precision requiretttect Jupitermass
planets, which would cause and increasing RV amplitude miks.

period is of the order of 2 days. The only other explanationldide a companion
with a mass of several Jupitermasses or more, i.e. a supepléanet or a brown
dwarf. These observations give hints that companions tmgdwown dwarfs and
very low-mass stars might have periods of several months.

The RV survey probes the regions close to the central objectspect of the
occurrence of companions. Fig. 7 shows the separation sanpéch can be covered
based on the achieved RV precision. For example, a 20 Jopzitsbrown dwarf in
orbit around a 60 Jupitermass brown dwarf would be deteetailni to 10 AU if the
time base is long enough. For smaller companion masses ttezetbseparation
ranges are correspondingly smaller. At the current stdgelimits in the covered
separation range is set by the time base rather than the Risjore Therefore, fur-
ther 3rd epoch RV measurements are planned. The found smbiplicity fraction
of the brown dwarfs and very low-mass stars in Cha | at smphusgions in this RV
survey, is also supported by the results of a direct imageagceh for wide (planetary
or brown dwarf) companions to mostly the same targets, Gha+.2, by Neuhauser
etal. (2002, 2003), who find a multiplicity fraction f10%. The separation ranges
covered by this HST survey are also indicated in Fig. 7.

6 Rotation

Measurements of rotation rates of young brown dwarfs arevitapt to determine
the evolution of angular momentum in the substellar regimeé first several mil-
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Figure 7: Separation ranges, which can be covered base@ @clteved RV preci-
sion by our RV survey and by a direct imaging survey with theTHSeuhauser et
al. 2002). An example is given for a one Jupitermass planga20 Jupitermass
brown dwarf orbiting a 60 Jupitermass brown dwarf. Due tatkh time base not
the whole possible range for the RV survey has been coveted ye

lion years of their lifetime, during which rapid changes expected due to the con-
traction on the Hayashi track, the onset of Deuterium buyyaimd possible magnetic
interaction with a circumstellar disk. Rotation speeds lbardetermined in terms
of projected rotational velocitiessin i based on the line broadening of spectral fea-
tures (Sect. 6.1) or, if an object exhibits prominent swefiEatures, which modulate
the brightness as the object rotates, the absolute rotatinad can be determined
by a light curve analysis (Sect. 6.2). Both techniques haemlapplied to the brown
dwarfs and (very) low-mass stars in Chal.

6.1 Projected rotational velocitiesv sin

Projected rotational velocitiessin i have been measured based on the line broad-
ening of spectral lines in UVES spectra. We found that#h#n ¢ values of the
bona fide and candidate brown dwarfs in Cha | with spectrasyyi6—M8 range be-
tween 8kms' and 26 kms! . The spectroscopic rotational velocities of the (very)
low-mass stars Chad4, ChaHy 5, B34, CHXR 74 and Sz 23 are 14-18kmis
and, therefore, lie also within the range of that of the stddsubstellar objects.
These measurements provided the first determination oégiexj rotational veloci-
ties for very young brown dwarfs (Joergens & Guenther 200b)compare them
with v sin ¢ values of older brown dwarfs, we consider that the late-Metippown
dwarfs in Chal at and age of 1-5Myrs will further cool down atel/elop into

L dwarfs at some point between and age of 100 Myr and 1 Gyr (Busret al.
2001) and later into T dwarfs: sin+4 values for old L dwarfs range between 10 and



60km s with the vast majority rotating faster than 20 kmts(Mohanty & Basri
2003). Thus, the brown dwarfs in Chal rotate on average slthan old L dwarfs
in terms of rotational velocitiessin i. These results for brown dwarfs in Chal are in
agreement with sin 7 values determined for five brown dwarf candidates in Taurus
(7-14km s, White & Basri 2003) and for one brown dwarf inOri, which has a
v sini of 9.4kms! (Muzerolle et al. 2003) and an absolute rotational veloofty
14+4kms' (Caballero et al. 2004).

Projected rotational velocities sin 4 are lower limits of the rotational velocity
v since the inclinatiori of the rotation axis remains unknown. Basedw0gin i
and the radius of the object an upper limit of the rotatioreriqd Psin4 can be
derived. We estimated the radii of the brown dwarfs and v@myiinass stars in Chal
by means of the Stefan-Boltzmann law from bolometric lursities and effective
temperatures given by Comerén et al. (1999, 2000). The appate upper limits
for their rotational periods range between one and thres ftayall studied brown
dwarfs and (very) low-mass stars with the exception of thereass star CHXR 74
(M4.5,~0.17 M), for which Péin i is five days.

6.2 Absoluterotational periodsfrom lightcurve
modulations

An object exhibiting prominent surface features distisblinhomogeneously over
its photosphere provides a way to measure its absolutéeaoa¢riod since the sur-
face spot(s) cause a periodic modulation of the brightnEdsembject as it rotates.
See Fig. 8 for an illustration.

Figure 8: Rotational brightness modulation caused by surface spot. Courtesy of G.
Torres. A cool spot on the surface of a star/brown dwarf cawaseeriodic dimming of
the total brightness at the rotation period. Plotted are¢lative V magnitudes\V over the
orbital phase.

Based on photometric observations in the R and i band filesr &ect. 3.3), we
searched for periodic variations in the light curves of Hrgéts with the string-length
method (Dworetsky 1983). Periodic brightness variatioeserfound for the three
brown dwarf candidates Chat2, Cha Hx 3, Cha Hx 6 and two very low-mass stars
B 34 and CHXR 78C. The original light curves are shown in Figirfaddition to i
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Figure 9:Light curves for two very low-mass stars (left panel) and three brown dwarf
candidates (right panel). From top to bottom and left to right are displayed i-band tligh
curves for the very low-mass stars B34 (M5, 0.12Mwith a period of 4.5 days and
CHXR78C (M5.5, 0.09 M) with a period of 3.9 days, and for the three brown dwarf can-
didates Chak 2 (M6.5, 0.07 M) with a period of 2.8 days, Chad®3 (M7, 0.06 M) with

a period of 2.2 days and Chatb (M7, 0.05 M) with a period of 3.4 days.

and R band data, we have analysed J-band monitoring data tdrdpets (Carpenter
et al. 2002), which have been taken a few weeks earlier anfireothe periods
found in the optical data. The determined periods are inééep as rotation periods
based on a consistency with thein i values from UVES spectra (previous section),
recorded color variations in agreement with the expeatatior spots on the surface
and the fact that with effective temperatures of more tha®028 the objects are
young and still hot and, therefore, their atmospheric gagiy likely sufficiently
ionized for the formation of spots. Additionally, variabjl due to clouds, which
could occur on time scales of the formation and evolutionaifds, can be excluded
because their temperatures are too high for significantahrsiensation (e.g. Tsuji
etal. 1996a,b, Allard et al. 1997, Burrows & Sharp 1999).

The found rotational periods of the three brown dwarf caatlid Chald 2,
ChaHx3andChak 6 are 3.2d,2.2d and 3.4 d, respectively (Joergens et al. 2003
The results show that brown dwarfs at an age of 1-5 Myr dispfaynhomogeneous
surface structure and rotate slower than old brown dwastsijonal periods below
one day, e.g. Bailer-Jones & Mundt 2001, Martin et al. 2001)s known that
ChaHx 2 and 6 have optically thick disks (Comerén et al. 2000),gf@e magnetic
braking due to interactions with the disk may play a role Famh. This is suggested
by the fact, that among the three brown dwarf candidates détermined periods,
the one without a detected disk, ChaB, has the shortest period.



6.3 Rotation of young brown dwarfs

The brown dwarfs in Chal have rotation periods of 2—3 dayspngkcted rotation
velocitiesvsini of 8-26kms! as shown by our observations. Their rotation pe-
riods are significantly larger than those for old brown dwdldelow one day, e.g.
Bailer-Jones & Mundt 2001) and their rotational velocitige on average smaller
than for old brown dwarfs (10-60 ks, Mohanty & Basri 2003). This is in agree-
ment with the idea that they are in an early contracting stegkwill further spin up
and contract.

Periodic photometric variabilities have been also detefiietwo dozen substel-
lar o Ori ande Ori members and member candidates (Bailer-Jones & Mundt,200
Zapatero Osorio et al. 2003, Scholz & Eisloffel 2004a,b, &labo et al. 2004).
Including our periods in Chal, the to-date known photoneepreriods for young
brown dwarfs cover a wide range from 46 min to 3.4 days. Apamnfrotational
modulation due to chromospheric spots, several other lplegsiocesses have been
suggested to account for the periodic variabilities, ligeration phenomena, forma-
tion and evolution of dust coverage for the cooler ones atigséeg companions,
which could all occur on various time scales. Among all kngveniods for young
brown dwarfs, only four have been confirmed as rotationabgsrby spectroscopic
measurements of their rotational velocitiesin i (ChaHx 2, Chahx 3, Cha Hx 6,

S Ori 25, Joergens & Guenther 2001, Joergens et al. 2003endilez et al. 2003,
Caballero et al. 2004), they all lie between 1.7 and 3.5 dSgseral periods of the
order of a few hours have been also interpreted as rotati@namids. However, as no-
ticed by Joergens et al. (2003b), rotation periods of a fewsfwr very young brown
dwarfs imply extreme rotation with rotational velocitigfsl®0 km s™! or more given
the still large radii at this young age. These speeds conse ¢twbreak-up veloci-
ties and for the 46 min period, Zapatero Osorio et al. (2008hd that it is indeed
above break-up velocity and cannot be a rotation period fihkdéng of a rotation of
100km st or more for brown dwarfs at a few million years would also bepsising

in respect of the fact that they are in an early contractiagesaind the expectation of
a further spin-up in their future evolution. A check of theposed extreme rapid ro-
tation byw sin ¢ measurements would be desirable. So fary sih i determinations
for young brown dwarfs in Chal, Taurus andOri indicate rotational velocities be-
low 26 km s~ with the vast majority below 20 knTs (Joergens & Guenther 2001,
White & Basri 2003, Muzzerolle et al. 2003).

7 Summary and conclusions

The presented work reports about observations of a popualafivery young brown
dwarfs and low-mass stars close to the substellar bor@drithe Cha | star forming
region. At an age of only a few million years, their explooatiallows insights into
the formation and early evolution of brown dwarfs. The tésgeere studied in terms
of their kinematic properties, the occurrence of multiplstems among them as well
as their rotational characteristics.

We are carrying out a RV survey for planets and brown dwarfgamons to the
targets with UVES at the VLT. The achieved RV precision aawg to search for



companions down to Jupiter mass planets. The analysis tifigheresolution spec-
tra reveals very constant RVs on time scales of weeks to nsdatithe majority of
the targets as well as RV variability for three sources ees et al. 2005a). The RV
constant objects are six brown dwarfs and three very lowsmtss (M0.12 Mg,
spectral types M5-M8), for which we estimate upper limitsrfasses of hypotheti-
cal companions to lie between 0.5;)} and 1.5M,;. This group shows a relation
of decreasing RV amplitude with increasing mass. This refleomply a higher
RV precision for more massive targets due to a better signabise, whereas the
effect of RV errors caused by surface features would be tipesife. This demon-
strates that brown dwarfs and very low-mass starsM.2 Mg) in Chal display no
significant RV noise due to surface spots down to the pretiseressary to detect
Jupitermass planets. Thus, they are suitable targetstorsks planets with the RV
technique.

Three objects exhibit significant RV variations with peakgeak amplitudes of
2-3kms!: the brown dwarf Cha H 8 and the low-mass stars CHXR 74Q.17 M)
and Sz 2340.3 Mg). For Sz 23, which is the highest mass object in our sample, we
have indications that the RV variations are caused by seigpots from the variabil-
ity time scale and from significant Call IR triplet emissi@@ha Hx 8 and CHXR 74
show a different variability behaviour with displaying gnlery small amplitude or
no variations on time scales of days to weeks but signific¥waiations on times
scales of months or longer, which cannot be explained bygo&itational modula-
tion. If caused by orbiting companions, the detected RVatams of CHXR 74 and
Cha Hx 8 correspond to giant planets of a few Jupiter masses wiibgseof several
months. In order to explore the nature of the detected R\atiaris follow-up obser-
vations of CHXR 74 and Chadrd8 are planned. If confirmed as planetary systems,
they would be unique because they would contain not onlyative$t mass primaries
and the first brown dwarf with a planet but with an age of a feWion years also
the by far youngest extrasolar planets found to date. Thatdvarovide empirical
constraints for planet formation time scales as well asterformation of brown
dwarfs.

The found multiplicity fraction in this survey is obvioushery small. Consid-
ering the subsample of the ten brown dwarfs and very low-ratgs with masses
< 0.12 My, only one of them (Chat8) shows signs of RV variability, while the
others are RV quiet with respect to both companions and $paisr observations.
That hints at a very small multiplicity fraction of 10% or seHowever, the RV vari-
able brown dwarf Cha l 8 and also the higher mass CHXR 74 (not included in the
above considered subsample) are hinting at the possithiitycompanions to young
brown dwarfs and very low-mass stars have periods of sewesaths and such a
time scale was not covered for all targets. Thus, our resdlsnall multiplicity
reflects so far mainly separations of around 0.1 AU. Furthérepoch RV determi-
nations are planned. At much larger separations, a direagiimg search for wide
(planetary or brown dwarf) companions to mostly the sangetaralso found a very
small multiplicity fraction of<10% (Neuhauser et al. 2002, 2003). There still re-
mains a significant gap in the studied separation rangeshwiill partly be probed
by the planned follow-up 3rd epoch RV measurements andypiarthnly accessi-
ble with high-resolving AO imaging (NACO/VLT) or even reges interferometric



techniques (e.g. AMBER at the VLTI). For the already studieparations, the over-
all picture is a multiplicity fraction significantly smal¢han for T Tauri stars even
when taking into account the smaller available mass rangd&écompanions. This
hints at differences in the formation processes of brownrtbnand T Tauri stars.

In order to test the proposed ejection scenario for the faomaf brown dwarfs,
we explored the kinematic properties of our substella&rgased on absolute mean
RVs derived within the presented RV survey. We find that tteevordwarfs in Chal
form also kinematically a very homogeneous group. They kawgsimilar absolute
RVs with a RV dispersion in terms of standard deviation ofdn® kms! (Joergens
& Guenther 2001, Joergens et al. 2005b). A study of T Taursstathe same field
showed that there are no indications for a more violent dycalnevolution, like
more frequent ejections, for the brown dwarfs compared ¢oTtiauri stars since
the RV dispersion of the T Tauri stars (1.3 kit $was determined to be even slightly
larger than that for the brown dwarfs. This is the first obagonal constraint for the
velocity distribution of a homogeneous group of closelyfewad very young brown
dwarfs and therefore a firempiricalupper limit for ejection velocities.

Theoretical models of the ejection scenario have been pee by several
groups in recent years. Some of them are hinting at the glitysds a only small or
of no mass dependence of the velocities. Thus, the fact tatoanot find a larger
velocity dispersion for the brown dwarfs than for the T Tatars does not exclude
the ejection scenario. However, we observe smaller védsdhan any of the theo-
retical predictions for brown dwarfs formed by the ejectimenario. This might be
partly attributed to the fact that our sample is statisljoadlatively small, or it might
be explained by the lower densities in Chal compared to songehassumptions,
or by shortcomings in the models, like neglection of feedttfrocesses (Bate et al.
2003, Bate & Bonnell 2005, Delgado-Donate et al. 2004) ohefdluster potential
(Sterzik & Durisen 2003, Umbreit et al. 2005). The curremdasion is that either
the brown dwarfs in Chal have been formed by ejection but aritialler velocities
as theoretically predicted or they have not been formeddhwlay. We are planning
to enlarge the sample in the future to put the results on anoveyl statistical basis.

Finally, we studied the rotational properties of the tasgetterms of projected
rotational velocitiew sin¢ measured in UVES spectra as well as in terms of abso-
lute rotational periods derived from light curve analy3ifge found that they sini
values of the bona fide and candidate brown dwarfs in Cha kraetyveen 8 kms
and 26 kms?. These were the first determinations of rotational velesifor very
young brown dwarfs (Joergens & Guenther 2001). Furthermadave determined
rotational periods, consistent wittsin 7 values, by tracing modulations of the light
curves due to surface spots at the rotation period. We foenidgs for the three
brown dwarf candidates Chadt2, Cha Hx 3 and Cha 4 6 of 2—3 days and for two
very low-mass stars B 34 and CHXR78C €10.12 M) of 4-5 days (Joergens et al.
2003b). Magnetic braking due to interactions with a circsteltar disk may play a
role for some of them since the ones with detected disks arslthwer rotators.

The emerging picture of the rotation of young brown dwarfaratage of a few
million years based on rotational velocities for brown dizan Chal, Taurus and
o Ori (Joergens & Guenther 2001, White & Basri 2003, Muzzeretlal. 2003) and
on spectroscopically confirmed rotation periods (our thyemvn dwarfs in Chal



plus oneco Ori brown dwarf, Caballero et al. 2004) indicates that youlnngwn
dwarfs rotate with periods of the order of a few days and speéd to 26 kms!.
Their rotation periods are significantly larger than thaseofd brown dwarfs (below
one day, e.g. Bailer-Jones & Mundt 2001) and their rotativelcities are on aver-
age smaller than for old brown dwarfs (10-60 km se.g. Mohanty & Basri 2003).
This is in agreement with the idea that they are in an earlytraoting stage and
will further spin up and contract before they reach a finalusavhen their interior
electrons are completely degenerate.

Despite the fact that the origins of brown dwarfs are stiliostded in mist, we
think that the presented comprehensive observations gfiwemg brown dwarfs in
Chal and the determination of their fundamental paramdgersght us an impor-
tant step forward in revealing the details of one of the maiamissues in stellar
astronomy and in the origins of solar systems.
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